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Studies on two corn hybrids differing in their
reaction to drought *
by

_ K. RATAGOPALAN, .
Agrioultural Colloge & Research Institute, Coimbalore.

Introduction: In order to determine the .differences in certain
physiological attributes associated with drought resistance, studies
were made on two corn hybrids which were observed to differ in
their, reaction to drounght under field conditions. Physiological
characteristics studied included seed germination and rate of growth
under different moisture stress, determination of transpiration loss,
dry matter content and water requirement, osmotic concentration
of cell sap and nitrogen fraction during hardening. These aspects
of approach to the problem of drought hardiness in crop plants have
been reviewed extensively by Ashton (1948) and Levitt (1956).

The present studies relate to two corn hybrids subjected to
drought, artificially induced by moisture stress, in the laboratory
and under green house conditions. The plants were grown at three
levels of moisture in pots under controlled conditions and this
enabled the sl'.l:l.d},ir of physiological changes that take place during.
drought hardening. The early stages of seedling growth, which
constitute one of the critical periods subject most to adverse
environmental conditions, was alone taken into consideration.
Haber (1938) reported that sweet corn strains of 15 days age were
more heat tolerant than those of 29 days age. In another study
on the heat tolerance of corn, young seedlings of 10 to 12 days old
showed more heat resistance than 16 to ED days old plants (Heyne

and Laude 1940).

Materials and Methods : Two corn hybrids, viz., (Ky 27 XKy 40)X
(K155 x K10) B-S3-1-1-1-1-1 designated “5° for drought susceptible,
(K55xCI 64) X H30 designated ‘R’ for drought resistant were
used in the study. These two hybrids were selected since their
pedigrees suggested that a difference in drought response could be
expected, with the former being more suscepfible than the latber.

For seed germination under limited moisture conditions in the
laboratory, D-mannitol solutions of 0,8, 11 and 13 atmospheres of
osmotic pressure were employed. The amount of D-mannitol and
water to provide the different atmospheric tensions were ecaleulated
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as per the formula given by Helmeric and Pfeifer {1*#5&) «Ten ml, of
the appropriate solutions were added to the petri-dishes two to i:rhree
times during the period of seven days of the cxperiment. Seaﬁﬂ_were
set on filber paper kept in pefri-dishes of 10 em. diameter after
sterilisation and D-mannitol golution added. The seeds were: covered
with another filter paper and the dishes closed with lids and kept in
the germinator. at 256°C. On the seventh day the number of seeds
germinated and length of coleoptile were recorded. ~Forty to
100 seeds in each variety were used for the test.

Further investigations were carried out by growing the p]ants
in pots at 15%, 20% and 259% moisture levels. Corn seeds were
planted at uniform depths of one inch below soil surface. Evaporation
of moisture from soil surface was prevented by paraffin layer of
half-inch thickness. Tive secdlings were grown in each pot' and
there were four pots for each treatment, viz. 15%S, 15%R, 20%8S,
20%R, 25%S and 25%R. Lossin transpiration was recorded every
week and the loss made up by adding the appropriate quantity of
watber through glass tube resting on half inch layer’ of -sand. below
the paraffin layer.

Rate of growth in all the plants was recorded at weekly
intervals, commencing from 15th day after planting up to 10 weeks
of growth. Sampling of plant material was done thrice at 5.7 and
10 weeks growth for determining leaf water content; dry matter
produced and soluble protein nitrogen content during hardening.
Moisture and dry matber conbents were debermined with 10 gm.
sample kept for drying at 75°C. Nitrogen determination was done
by extracting the sap from leaf and stem in an osterizer and
precipitating the protein with trichloroacetic acid. Kjeldhal

digestion and distillation were carried out for determining the
nifrogen content.

Osmotic concentration of cell sap was determined Dby
eryoscopic method using Beckmann thermometer.  Sampling of tops
was done from 10 week old plants and sap extracted in a hydraulic
press at 12,000 pounds per square inch of pressure for five minutes
after pre-treezing the material in sealed plastic bags at — 12°C for 10
hours.  Thé sap was centrifuged at 1600 revolutions ‘per minute for
five minutes. The freezing point of sap was determined and osmotic
concentration ealeulated from the depression in freezing point.

Results and Discussion: Studies with D-mannitol: The germi-
nation of the hybmds was sbudied at 0, 8 and 11 atmnsphe.rﬁs of
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osmotic pressure in experiment 1 and at 0, 8 and 13 atmosplieres in
Experimeats 2 and 3. Chi-square tests were used to compare the
‘germination percentages and the results are presented in table 1.

It is seen that significant differences are obtained at 11
atmospheres in experiment 1, 13 atmospheres in experiment 2 and at
8 and 13 atmospheres in experiment 3, the percentage germination
in the resistant variety being significantly greater than that in the
suscephible variety in these cases. But it is seen that the differences
between coleoptile length in the resistant and susceptible types are
not consistant, Hence it does not suggest that growth as recorded
by the coleoptile length alone can be taken as an index of measure-
ment to distinguish a susceptible variety from the resistant one.
But the percentage of germination and survival of seedlings in
D-mannitol may however, be considered a suitable index and a
concentration of 13 atmospheres of osmotic pressure and a period
of seven days appropriate for such a study in distinguishing a
drought resistant type from the susceptible one.

According to Thimann (1954) D-mannitol is the best chemical
found to limit water uptake in a plant without affecting the metabolic
action of the plant. Studies with D-mannitol have been reported on
winter wheat varieties by Helmeric and Pfeifer (1954) and Powel and
Pfeifer (1956). They found that the use of D-mannitol solutions to
test drought hardiness as a simple and easily repeated test which
gives a relative measure of any difference among selections for their
seedling character. The data from the preliminary studies on corn
presented indicate that seed germination and relative rate of survival
of the two hybrids are in agreement with their observed reaction to
to soil drought under field conditions.

Rate of Growth: The height and rate of growth of the two
corn hybrids in three moisture levels recorded at weekly intervals are
given in Table 2 and Fig. 1. Germination and emergence were quick
and pronounced in 25% moisture level followed by that in 209
moisture while germination in 15% moisture was slow. Emergence of
seedlings in all pots was complete within seven days and the resistant
hybrid showed superior emergence and taller prowth than the
susceptible one in the three levels of moisture (Fig. 2, pot Nos. 2,
4 & 6). The rate of growth (Fig. 1) indicates that there is marked

difference between the two hybrids upto four weeks at 15% and
L 209, moisture levels. However, the differences in growth between the
two hybrids over a period of 10 wecks do not approach the level of
significance in the three levels of moisture though it is seen that at
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256% wmoisture Jevel, the difference 1s groatest and approRclies near
significance (Table 2). VHence it appears that early emmgmma a‘md
quick rate of growth up to a period of four weeks might be o’ cmtarmn
tio distingnish the drought resistant type from a susceptible: oneland
a moisture level of 25% or more might be suitable for the toab.|
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T'ranspiralion loss, dry malter content and waler requirement :
The total quantity of water transpired, the amount of dry matter
produced and leaf water content at three stages of growth, wiz,
5, T and 10 weeks are given in Table 3. In addition, the water
regmrmnant, that is the ratio between the amount of water transpired
and the amount of dry matter produced is also furnished in the table.
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The leaf water content does not show any marked difference
between the two types but the indications are that the resistant type
has less of leaf water content in the three samplings and at three
levels of moisture. It is also evident from the data that the
resistant ‘variety has greater dry matter in the three stages of
sampling. In the ultimate analysis of this aspect of studies it is the
physiologic water requirement that deserves due consideration. It is
seen that the resistant type has lower water requirement than the
susceptible one. The differences are wider at greater moisture stress
and in tho early stages of growth, at 5 and 7 weeks of growth.
Though the studies have been limited to 10 week old seedlings, an
attempt has been made to correlate the water requirement of the two
corn hybrids with their relative reaction to drought. The indications
are that the resistant hybrid has more of dry matter content and
less of ‘water requirement.

Soluble protein nitrogen content : The data on soluble protein
nitrogen content of stem and leaf samples in the two corn hybrids
determined at 5, 7 and 10 weeks of growth (Table 4) show that there
is a gradual increase in the nitrogen content as the moisture stress
increases in all the three samples and the resistant variety shows
increased nitrogen confent. The differences are, however, narrow at
higher moisture levels.

Drought resistant (R) and suseeptible (8) corn vartics grown
at 15%, 209 and 25% moisture levels showing differonce in growth
{5 wecks nftor planting).

1. 15%8; 2. 159, R; 3. 209 8; 4. 209 1; 5. 259%S;
6. 259 R.
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It was suggested by Nightingale and Farnham  (1936) that
water deficit interferes with protein synthesis in plants. Clements
(1937) (quoted by Kramer 1949) found a high level of 'nitrn'gmi
metabolism in plants that were grown with deficient soil moisture.
Black (1057) has also pointed out that the nitrate content of plants
is high under conditions of drought. The data obtained - from this
preliminary study indicate that there is an increase in ‘nitrogen
content as the soil moisture stress becomes greater and the Tesistant
variety has slightly inereased nitrogen content

Osmolic pressure of cell sap : The freezing point depression
and osmotio pmasure of cell sap from tops of the two' corn hybrids
grown ab 15%, 209 and 25% moisture levels and Bampled when ten
-weeks old are given in Table 5. The results show that there is very
little difference between the resistant and susceptible hybrid in their
osmotic concentration. DBut the osmotic pressure of the sap from
plants grown in 15% and 209 moisture levels is greater than that of
the plants grown at 25% moisture level.

Levitb (1956) has tabulated. the increased osmostic value in
species on exposure to drought and has stressed that osmotic value is
definitely a factor in drought hardiness, t-lmugh not the deciding one.
Variation in osmotic pressure is attributed partly to changes in carbo-
hydrate content and partly to changes in moisture content. In the
present studies no varietal difference has been observed but there is
an increase in value of more than two atmaspheres in plants exposed
to moisture stress. It is quite likely that the difference in osmotic
value is due to variation in leaf water content as seen in Table 3.
The data show that the plants grown at 159% moisture level
have 4% less of water content as compared to. that from 259
moisture level.

Summary : Two corn hybrids differing in their reaction to
drought in field were tested in the early stages of seedling growth
under laboratory and green house conditions for certain physiological
attributes associated with drought hardiness.

D-mannitol solutions of 0, 8, 11 and 13 wwunouspueres o1 osmouc
pressure were used to compare the germination ‘and relative rate of
growth upto a period of seven ‘days.  Significant differences in
germination and survival were obtained at 13 atmospheres in
majority of the cases.
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Growth rates of plants at 15%, 20% and 25% moisture levels
for a period of 10 weeks indicated that at 26% moisture level the
difference in growth was greatest and approached near significance.
At 15% and 209 moisture levels, the resistant wvariety showed
superior emergence and quick rate of growth upto four weeks.

The resistant hybrid showed less of leaf water content and
hardening was found to decrease the leaf water content. In addition,
the resistant hybrid had more of dry matter content and less of
water requifément-.

There was a gradual increase in soluble protein nitrogen in
the shoot as the moisture stress increased and the resistant hybrid

showed increased wvalues, The differences became narrow at higher
moisture levels,

No varietal difference in.osmotic pressure of cell sap from tops
was obtained but there was an increase of more than two atmos-
pheres on exposure to increased moisture stress. This might be due
to decreased leaf water content under drought hardening,
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Tanue 4,

Soluble protein nitrogen content in tops of two corn variclics grown
at 15%, 20% and 25% wmoisture levels.

Nitrogen content at three stages of ‘crop gro,{v't.h %"

Treatments _ '
5 woeks 7 wocks 10 weeks
15% S 0-0574 00139 , 00748
15% R 0-0800 00226 10'1035,
20% S 0-0305 7 00113 00505
20% R 00435 00139 - 00606
25% S 00200 0-0096 00522
259% R 00226 00131 00722
TABLE 5.

Osmotic pressure of cell sap from tops of two corn varieties grown at 15%, 20%
and 25% moisture levels. ( Cryoscopic determination )

I'reezing point Osmotic
Treatments depression pressure
¢ : (atmospheres)
16% 8 1'0497 12:638
15% R 1'0468 12605
20% § 10320 12'425
20% R 1°0568 12'724
25% 8 ) 08859 10°666
25% R 0-8477 10°206
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